Pulsed-field gel electrophoresis (PFGE) is the most common genotypic method used in reference and clinical laboratories for typing methicillin-resistant Staphylococcus aureus (MRSA). Many different protocols have been developed in laboratories that have extensive experience with the technique and have established national databases. However, the comparabilities of the different European PFGE protocols for MRSA and of the various national MRSA clones themselves had not been addressed until now. This multinational European Union (EU) project has established for the first time a European database of representative epidemic MRSA (EMRSA) strains and has compared them by using a new "harmonized" PFGE protocol developed by a consensus approach that has demonstrated sufficient reproducibility to allow the successful comparison of pulsed-field gels between laboratories and the tracking of strains around the EU. In-house protocols from 10 laboratories in eight European countries were compared by each center with a "gold standard" or initial harmonized protocol in which many of the parameters had been standardized. The group found that it was not important to standardize some elements of the protocol, such as the type of agarose, DNA block preparation, and plug digestion. Other elements were shown to be critical, namely, a standard gel volume and concentration of agarose, the DNA concentration in the plug, the ionic strength and volume of running buffer used, the running temperature, the voltage, and the switching times of electrophoresis. A new harmonized protocol was agreed on, further modified in a pilot study in two laboratories, and finally tested by all others. Seven laboratories' gels were found to be of sufficiently good quality to allow comparison of the strains by using a computer software program, while two gels could not be analyzed because of inadequate destaining and DNA overloading. Good-quality gels and inclusion of an internal quality control strain are essential before attempting intercenter PFGE comparisons. A number of clonally related strains have been shown to be present in multiple countries throughout Europe. The well-known Iberian clone has been demonstrated in Belgium,
countries, and other clonally related strains have also been identified. This highlights the need for closer international collaboration to monitor the spread of current epidemic strains as well as the emergence of new ones.
Methicillin-resistant Staphylococcus aureus (MRSA) continues to be a major cause of nosocomial infection throughout Europe, with the exception of certain countries such as those of Scandinavia and The Netherlands, where the incidence remains relatively low (15, 33) . Typing plays an important role in understanding the epidemiology of MRSA and evaluating the effectiveness of infection control and antimicrobial prescribing measures. The many different methods employed for MRSA typing include antibiograms and chemical resistograms, phage typing, ribotyping, pulsed-field gel electrophoresis (PFGE) (26) , and PCR-based methods (14, 31, 32) .
The requirements for any typing system include typeability, reproducibility, discriminatory power, stability, and ease of interpretation and use (17, 24) . One of the first efforts towards standardization of a typing technique was seen with phage typing of S. aureus by the International Union of Microbiological Societies (IUMS) subcommittee for staphylococcal typing, which combined the experimental phages from different laboratories in order to define a set that would type most of the then-current epidemic strains of MRSA (21) . However, in recent years, phage typing has fallen out of favor due to the increasing number of nontypeable isolates encountered in some countries, the costs of quality assurance, and a perceived lack of reproducibility in some laboratories (4, 21) .
PFGE, by far the most widespread molecular typing tool in developed countries, is considered to be the method of choice for DNA fingerprinting of MRSA and other bacterial pathogens (16) . However, despite the recent explosive increase in PFGE use, there have been a large variety of published PFGE protocols in the literature and few successful attempts to standardize or harmonize them, making intercenter reproducibility seem a rather distant goal. In 1996, a study by Cookson et al. (11) , involving three laboratories in Belgium, the United Kingdom, and the United States, examined 12 different MRSA strains with two different types of electrophoretic apparatus and different protocols as optimized in each center. Although there were few disagreements in recognizing similar strains, there was a lack of interlaboratory reproducibility of the electrophoretic patterns themselves. Two of these laboratories then joined with 10 others in 10 countries in 1998 (30) to examine a well-designed collection of MRSA strains by using their own established in-house PFGE protocols, as well as a recently standardized commercial kit. A number of laboratories had difficulties with the protocol for the commercial kit, while comparison of the different in-house protocols again showed poor reproducibility.
HARMONY is a European Union (EU)-funded project, one of whose main goals is the harmonization of typing methods with respect to nosocomial pathogens. The HARMONY typing group originally comprised 12 laboratories in 10 countries (Belgium, Denmark, Finland, France, Germany, Greece, The Netherlands, Spain [two laboratories], Sweden [two laboratories], and the United Kingdom). The primary aims of the group were to establish a collection of European epidemic and other important MRSA strains and to develop, if possible, a standardized protocol for PFGE of MRSA to facilitate international comparisons and tracking of isolates. Laboratories in other countries, including Ireland, Poland, Portugal, Scotland, and Slovenia, have also contributed to the collection and database.
The participating laboratories had already established their own MRSA PFGE databases and were concerned that a standardized protocol might result in inferior discrimination for their national strains. DNA preparation, for example, was perceived to be optimal in each of the laboratories, with different protocols that had been developed over many years. In addition, methods described in the literature often lacked the detail to be reproduced accurately, and the group was not convinced that a standardized protocol could produce optimal discrimination for differing MRSA strains around the EU or was necessary. Thus, it was not possible to impose a centralized standardized protocol as has been the case for food-borne pathogens in the United States (25) .
We describe here the two-phase process that was negotiated within the group and resulted in a new, harmonized PFGE typing protocol, which identified those parts of the protocol requiring standardization. The outcome was higher intercenter reproducibility, local acceptability, and the establishment of a web-based database of harmonized MRSA SmaI restriction patterns that has now become the basis for the IUMS global MRSA database. We will describe in a future paper other techniques that have been used to further validate European strain types.
MATERIALS AND METHODS

Strains.
The participants sent to the coordinating laboratory (Laboratory of Hospital Infection, Central Public Health Laboratory) their prototypic epidemic MRSA (EMRSA) strains (defined as spreading within and between several hospitals) or important MRSA strains (defined as causing significant infections in one hospital), as well as some of the more important variants of these, along with their phenotypic and genotypic characteristics and the strain designations as determined in the originating laboratories. The initial collection of 36 EMRSA strains, selected to represent the spectrum of PFGE types submitted from seven countries, along with 13 subtypes of some of these and the reference standard, NCTC 8325, was sent to all participants with instructions to run 21 of the most prevalent types identified (Table 1) in a specified order with their own in-house and the initial harmonized protocols.
Study phase I. PFGE was performed in the coordinating laboratory on all isolates submitted, using a protocol determined by the group to give the optimum separation of the DNA fragments based on a previous study (31) . This initial harmonized protocol had a long run time (30 h) with a pulsing switch time of 1 to 80 s in a 1.2% gel with 0.5ϫ Tris-borate-EDTA (TBE) circulated at 12°C (17) . Lambda or NCTC 8325 was permitted as a reference standard in this first phase, depending on what each center was already using. Gels were analyzed by visual interpretation of the banding patterns according to the criteria of Tenover et al. (27) . They were also analyzed with GelCompar software (Applied Maths, Kortrijk, Belgium), using the Dice coefficient, and represented by unweighted pair grouping by mathematical averaging (UPGMA) with 1% band tolerance and 0.5% optimization settings. A cutoff of 80% was applied to all dendrograms generated, above which strains were considered to be closely related; this was previously found to correlate with one to six band differences on visual examination (23) .
In the initial phase, the HARMONY group decided that it was not necessary to standardize the DNA block preparation or digestion, the concentration and size (dimension to volume ratio) of the gel, or the volume of the buffer used. Table 2 lists the details of the protocols used in the 10 laboratories in eight countries. Each center thus sent to the coordinating laboratory the gel images produced by both in-house and initial harmonized protocols either as TIFF files VOL. 41, 2003 HARMONIZATION OF PFGE FOR MRSA TYPING or Polaroid photographs, along with the results of any analyses performed using their in-house procedures. Clusters of similar strains as identified by each participant, comments, problems, and any other observations were collated and reanalyzed at the coordinating laboratory. These observations were reviewed at a subsequent meeting (see Results).
The entire collection of MRSA strains was characterized by phage typing at the routine test dilution and 100 times the routine test dilution (5, 20) , antimicrobial susceptibility testing against a panel of 14 antibiotics according to the British Society of Antimicrobial Chemotherapy guidelines (7, 8) , toxin gene carriage by use of a multiplex PCR assay (18) , and urease production by use of Christensen's urea slopes incubated for 5 days at 37°C (3). The collection was additionally analyzed by resistogram typing against a panel of six chemicals and dyes (28, 29) . See the footnotes to Table 1 for further details.
Study phase II. Following phase I, the majority of the group were found to favor the Belgian protocol over all of the others. However, the coordinating laboratory and Belgian laboratory modified the latter's protocol to improve the resolution of the higher-molecular-weight bands observed in the longer initial harmonized protocol. This reduced the overall run time to less than 24 h, which was considered critical by several laboratories. The new protocol was tested once again on the same set of 21 prototypic MRSA strains as for phase I by each participant.
A number of other parameters were standardized at this stage (see Results), but other aspects, such as DNA block preparation and plug digestion, were not considered to have an impact on the final result. However, a standard protocol, including all parameters, is included in this paper (and on the HARMONY website at http://www.phls.co.uk/International/Harmony/microtyping.htm) for new workers to the field.
HARMONY PFGE protocol. DNA purification was performed as for each laboratory's in-house protocol. Otherwise, the group recommended the following protocol, which was adapted from the original protocols used in laboratories 1 and 2.
The MRSA suspension incorporated into the agarose block was standardized to a density equivalent to approximately 9 ϫ 10 8 cells/ml for standard blocks (1 mm thick) or 3 ϫ 10 9 cells/ml for ultrathin blocks (0.5 mm thick; used by the Belgian center but not available commercially) mixed with an equal volume of a 2% low-melting-point agarose and poured into the block molds. Plugs (2-to 4-mm portions of a block ideally freshly prepared, but they can be kept for up to 6 months by storing in Tris-EDTA buffer at 4°C) for each isolate were equilibrated in SmaI buffer at 4°C for 15 to 30 min prior to digestion and then covered with 100 l of SmaI reaction buffer containing 20 U of SmaI restriction enzyme (10 U for plugs from ultrathin molds). The reaction tubes were mixed gently and incubated at the temperature recommended by the manufacturer (usually 25 to 30°C) for at least 4 h or overnight.
A 1% gel was prepared by using molecular grade agarose in 150 ml of 0.5ϫ TBE and poured into a freshly cleaned gel-casting frame (20.5 by 14 cm) once the agarose had cooled to 60°C. The gel tray and comb were wiped with alcohol and a lint-free tissue immediately prior to pouring the agarose in order to avoid dust particles, which can cause speckling in the gel. Once set, the gel was positioned centrally in the contour-clamped homogeneous electric field (CHEF) (Bio-Rad, Hercules, Calif.) tank and covered with 1,700 ml of 0.5ϫ TBE. The running temperature was set at 14°C. The recommended reference standard, NCTC 8325, was positioned in every fifth or sixth lane to allow later normalization of electrophoretic patterns across the gel. The total run time was 23 h, the firstblock switch time was 5 to 15 s for 10 h, and the second-block switch time was 15 to 60 s for 13 h. The voltage for the run was 6 V/cm or 200 V. For the CHEF Mapper system, the included angle was 120°and the ramp factor was linear.
The gels were stained for 30 to 45 min in ethidium bromide (1 g/ml) and destained for 45 min or longer in distilled water. Gels were viewed under UV transillumination and photographed by using each laboratory's gel documentation system. Digital images were stored electronically as TIFF files and analyzed visually and with GelCompar (Applied Maths), using the Dice coefficient, and represented by UPGMA with 1% tolerance and 0.5% optimization settings. As previously, a similarity cutoff of 80% (23) and the criterion of a difference of Յ6 bands as described by Tenover et al. (27) were both used to define a cluster.
RESULTS
Phase I PFGE intercenter comparison. All of the gel photographs and analyses from phase I were examined by visual comparison of patterns for the number of band differences by each of the participating laboratories. Figure 1 shows the results obtained at the coordinating laboratory for the 21 strains analyzed by the initial harmonized protocol with NCTC 8325 as the reference standard. Three clusters were identified by PFGE: cluster A included Belgium E1, Finland E7 and E10, France A and C, North German I, and Spain E1; cluster B included Finland E5 and United Kingdom EMRSA-16; and cluster C included Belgium E3 and Finland E1. Centralized analysis with GelCompar was not possible due to problems with resizing of gel images and often-poor resolution of bands as a result. Table 3 shows the identification of these clusters according to each center's own analysis, where submitted to the coordinating laboratory. PFGE clusters A and B were recognized in all laboratories by using both in-house and initial harmonized protocols, while cluster C was identified in three of the five laboratories.
The initial harmonized protocol created problems for two laboratories, with bands poorly resolving due to overloading of DNA or their running off the gel. According to each center's own evaluation, the results obtained with the initial harmonized protocol were worse than their in-house methods in three laboratories, similar in two laboratories, and improved in another two laboratories. The group agreed at meetings and via e-mail exchanges that the initial harmonized protocol produced the best resolution of the higher-molecular-weight bands, while the very similar German and Belgian in-house protocols were best at resolving the more important mid-to low-molecular-weight bands of the gel. The group also found the 30-h run of the initial harmonized protocol method to be impractical in cases where there were large numbers of gels run each week. Several different methods for block preparation and DNA digestion, developed over many years in the participating laboratories, were used and found to have worked well, making standardization unnecessary. However, the group felt that guidance should be given in the methods for phase II for those with little experience or where problems had been encountered. The disappointing lack of comparability of the initial harmonized protocol between most of the laboratories suggested that some additional parameters needed standardization. It was also noted that while most laboratories used experienced personnel to perform the PFGE, two were unable to do so. In one there was the consequence that even their in-house gel was of a lower quality than those where skilled operators had been involved, and in the other there was inadequate digestion of DNA and significant overloading, producing diffuse bands. This added further to the study's analytical problems that persisted into phase II, where the improved protocol was evaluated.
Experiments were conducted in the coordinating laboratory to explore the importance of some additional parameters. These found that standardization of the volumes of agarose and buffer improved reproducibility. In addition, three agaroses from two different manufacturers (molecular biology certified agarose [Bio-Rad] and SeaKem and SeaKem Gold [FMC Bioproducts, Rockland, Maine]) produced similar electrophoretic results, suggesting that this was not a critical parameter when these brands were used. One center found additionally that electrophoresis-grade agarose from Life Technologies also resulted in equivalent separation of bands. The group favored the use of S. aureus strain NCTC 8325 in phase II, since lambda molecular-weight-standards from different suppliers were found to migrate differently through the gel (see Fig. 3 ). In addition, lambda from one supplier required pretreatment at 52°C for 8 min prior to electrophoresis; otherwise, the phage concatemers failed to separate. Thus, for phase II it was agreed to standardize the running buffer volume, gel volume/gel tray size ratio (thickness), and temperature (ensuring that it was the same as measured in the tank) and to develop a shorter run time.
Phase II results. Nine laboratories ran the new protocol. Seven gels were of sufficient quality for analysis with GelCompar in the coordinating laboratory ( Fig. 2A shows an example) . Interestingly, their quality was now so improved that they were readily comparable by the program and gave an almost identical clustering of strains (Fig. 3) . Comparison of the gels run in laboratories 1 and 2 showed almost 100% correlation between corresponding strains, except for two strains, France C and Spain E1, which differed by one band each (data not shown), perhaps due to the use of ultrathin molds for preparing blocks for PFGE in center 2. For the gels from laboratories 1, 2, 4, and 5, the correlation between corresponding isolates from the five gels was 100% for 13 of the 21 strains and Ն94% for the remaining 8 strains. For laboratories 3, 6, and 7 there were some discrepant results due to full normalization not being possible where some bands at the lower-or highermolecular-weight ends of the NCTC 8325 reference markers were degraded and thus not visible. In one laboratory, the gel did not run as far as expected (Fig. 2B) . This had been observed previously in phase I. The reason for this was later identified during an exchange of workers between laboratories. After interactions with Bio-Rad, we discovered that some machines were using the default temperature measurement setting from the cooler rather than activating the probe that measures the tank temperature. This resulted in suboptimal migration down the gel. In addition, in laboratory 3, the South German II isolate differed on repeated testing from those of the other laboratories by four bands, suggesting it had undergone several genetic rearrangements or that a contaminant had been introduced at some point. It was not possible to analyze the gels from two laboratories. In one this was due to overloading of the gel as indicated by the large amounts of undigested DNA in the wells and poor resolution of bands (Fig.  2C) , and in the other it was due to inadequate destaining (Fig.  2D) .
Comparison of PFGE types of important European MRSA. The results of the various analyses of the strains are shown in Table 3 . Computer-assisted analysis of the gel run in the coordinating laboratory by the final harmonized standard protocol and using an 80% cutoff when looking at the dendrogram of similarity revealed three clusters of international MRSA strains. This was in agreement with the criterion of Tenover et al. of one to six band differences for interpreting strain relatedness. PFGE cluster A now comprised the eight strains Belgium E1, North German I, Spain E1, Finland E7 and E10, and France A, B, and C; cluster B included Finland E5 and United Kingdom E16; and cluster C contained Belgium E3 and Finland E1. Looking at the dendrogram comparing all seven gels, clustering similar to that described above was observed. Comparing corresponding isolates across gels showed that all clustered at Ն82% (due to the problems with gels from laboratories 3, 6, and 7 discussed above). Table 1 includes other typing characteristics for the 21 prototypic strains that should be useful in a clinical laboratory, as well as information on where and when the strains were first identified. Data on the full collection can be found on the HARMONY website at http://www.phls.co.uk/International /Harmony/microtyping.htm. Table 4 outlines the general characteristics of the three clusters. It is important to note that these results represent the predominant strains and that some of the subtypes encountered may have slightly different characteristics, requiring further studies to confirm their epidemiological significance. Phage, antibiogram, and resistogram typ- ing may be useful tools to examine isolates locally and even nationally, but the results here show that they are not as definitive for long-term international comparisons. Some general comments can be made regarding susceptibility. For example, PFGE cluster A is more multiply resistant to antibiotics and chemicals. It has been found that for some strains belonging to this cluster, teicoplanin MICs that are elevated and are at the breakpoint according to British Society of Antimicrobial Chemotherapy criteria (7) . Although toxin typing results agree with the clusterings produced, analysis of the whole collection (see the HARMONY website) showed that subtypes within PFGE clusters can vary in the toxin genes they carry; for example, no toxins were detected in the prototypic North German I strain, but sea was detected in three of its subtypes. In addition, enterotoxin genes sea and seb were found in one other subtype, while the Hannover III strain was found to carry seb.
DISCUSSION
An international group of reference and university hospital laboratories with considerable experience with MRSA and PFGE collaborated to develop a European MRSA strain collection and a PFGE protocol that resulted in a high level of intercenter gel comparability. Strains were contributed from all participating countries, and an internet-accessible European MRSA database was established. Except for the DNA concentration in the plug, standardization of the DNA preparation was not necessary, as each center had already optimized these steps for its own laboratory. However, the group agreed that a standardized protocol for new or inexperienced workers should include details of the desirable cell suspension based on the protocols used in laboratories 1 and 2. One used a standard mold (1 mm thick) and the other used an ultrathin mold (0.5 mm thick), but they produced comparable results.
One problem that was highlighted in our study was the disparity of the temperature measurement in different CHEF apparatuses. The companies are going to reinforce their advice to customers This detail would not have been identified but for an exchange of workers between laboratories, which further illustrates the value of such projects and the detail that is required in methodological descriptions to attain the goal of intercenter standardization and comparability of strains.
The ultimate goal of standardization is to facilitate intercenter comparisons of isolates and strains, aiming at determining their degree of relatedness. In the second phase of the study, four of the seven gels analyzed resulted in almost complete concordance, while three achieved an acceptable level of reproducibility. This highlights the need for laboratories to reevaluate their protocols if consistently suboptimal results are obtained, for example, due to plugs overloaded with DNA or blocks that have not been stored appropriately.
The second phase of the study also showed that many, but clearly not all, of the methodological problems seen in phase I were eventually overcome by close cooperation between laboratories and standardization of certain parameters. The most important variable appeared to be the skill of the operator, as overloading of the gel and inadequate destaining were evident. We therefore recommend including an internal quality control to assess the reproducibility and quality of the gel before inclusion in the database for intra-or intercenter comparison. The quality control strain should ideally demonstrate Ͼ95% similarity between gels to ensure acceptability. When the gels from laboratories 1 and 2 were compared by using GelCompar, almost 100% correlation was observed between corresponding isolates from each. There were a few minor differences observed, particularly with respect to the strains that make up the major clonal group called cluster A in this study. This group, otherwise known as the Iberian clone, was confirmed by comparison with the strain identified as being the prototype submitted to the HARMONY collection by Herminia de Lencastre (22) . It emerged in the early 1990s and had been previously characterized by other techniques (1). e a Analysis was done by Dice coefficient for both gels run by using the in-house and initial harmonized protocols in each center for phase I and analyses performed locally (in four laboratories) and centrally in the coordinating laboratory (for seven laboratories) on gels run by using the final harmonized protocol in each center for phase II. PFGE clusters A to C (see text) were identified in the Laboratory of Hospital Infection, Central Public Health Laboratory, by using the initial harmonized protocol. PFGE cluster A includes Belgium E1; Finland E7 and E10; France A, B, and C; North German I; and Spain E1. Cluster B includes Finland E5 and United Kingdom EMRSA-16. Cluster C includes Belgium E3 and Finland E1.
b Analyzed singly (i.e., not compared with the other gels).
c There was a difference of up to one of seven strains between laboratories reporting.
d One of these includes two additional strains not otherwise considered to be related.
e One of these includes United Kingdom EMRSA-3. A recent multicenter study by Chung et al. (9) compared gels run in different laboratories by using a fully standardized protocol. It was unclear how much experience with the PFGE technique these laboratories had before participating in this study. They showed that, even when the full process was standardized, some of the problems (amount of loaded DNA; overstaining or under-destaining of the gel; too much DNA in the blocks, indicating insufficient lysis; blocks not stored properly; and problems related to the electrophoresis) experienced in both phases of our study also occurred in that study. Again, this highlights the importance of using skilled operators for performing the technique if we are to aspire to national and international comparison and tracking of strains.
The Nordic countries (Denmark, Finland, Norway, and Sweden) have produced a standardized protocol that is used for interlaboratory comparison (C. S. Elsberg, S. Salmenlinna, J. V. Fussing, J. Vuopio-Varkila, V. T. Rosdahl, and the Nordic MRSA Study Group. Abstr. 9th Int. Symp. Staphylococci Staphylococcal Infect., abstr. 90, 2000). The protocol was based on the most common parameters from the in-house PFGE protocols in 8 of the 12 laboratories involved. Overall, there was very good correlation between the laboratories, confirmed by visual and BioNumerics (Applied Maths) analysis. They found that interlaboratory comparison of MRSA could be achieved, as the minor differences observed could be attributed to the poor resolution of TIFF files exchanged. In particular, they found that attention should be paid to the variable photographic quality in the lower part of the gels (between 48.5 and 97kb, when lambda is used as a reference standard). They also highlighted the need for a reduction in the workload and identification time.
Standardization of the image capture process and optimal settings for analysis are also required. In this study, it was necessary to standardize the size of TIFF files to allow comparison by using GelCompar or BioNumerics analysis software. For intercenter comparisons, it is important to specify the part of the gel that is to be included in the analysis. Bands above the highest-molecular-size band of the NCTC 8325 marker (674 kb) should not be included, as this part of the gel will not have been normalized. Similarly, bands below the third-lowest band of the marker (36 kb) should also be excluded due to the often-poor resolution of the lower-molecular-size bands.
The exchange of isolates and central analysis revealed the international spread of MRSA clones in the EU. This proved to be far more extensive than had been realized previously and justified the establishment of the HARMONY network, which the IUMS subcommittee now wishes to extend globally. Already several other countries have joined the network, and additional techniques have been performed to further explore the clonality of the EMRSA strains (unpublished data).
Following from a previous study by Deplano et al. (13) , an extremely important outcome of this study is that a number of clonally related strains have been shown to be present in multiple countries throughout Europe. The well-known Iberian clone (PFGE cluster A) has been demonstrated in Belgium, Finland, France, Germany, and Spain (and from the wider HARMONY collection in Portugal, Slovenia, and Sweden). Other strains in the collection (from Greece, the United Kingdom, and Ireland) may also be related, although more distantly, which supports the clonal nature of MRSA (2) Reliable and reproducible intercenter comparisons are possible by using the standardization approach outlined here (an approach we have termed harmonization). However, as with many other techniques, it is important to remember that the largest impediment to getting reproducible results is the skill of the operator. At least 5 of the 10 laboratories have adopted this new protocol for routine use in epidemiological studies, and such an approach will be required if laboratories are to externally query the IUMS HARMONY database that is soon to be established by using the BioNumerics software package in the coordinating laboratory. Other laboratories have also agreed to use this new protocol for the purpose of comparing strains with the central database. This internet-based database with the reference profiles (type strains and predominant subtypes) will be maintained by the coordinating laboratory as the IUMS reference center and administered via the IUMS subcommittee. Other laboratories performing PFGE will be able to compare their isolates of interest with the reference collection. These isolates should then be submitted to the central laboratory for validation once the agreed national center has confirmed that it is a new strain by repeating the PFGE with the relevant reference strain by both computer-assisted and visual comparison. It will then be added to the collection and reference panel library.
The database includes antimicrobial susceptibility and toxin typing characteristics, and more will be added, including other genotypic data, in the near future. Some of these characteristics are helpful in interpreting the relationship and evolution of strains within a country (12) . However, interpreting them can be quite a challenge: some toxins, for example, are known to be phage related, and perhaps the variations we have observed may be related to this process (10) .
The group was aware of the PulseNet food-borne enteric disease surveillance network that had been established in four laboratories in 1995 (25) . PulseNet had shown that when a protocol was strictly followed, near-perfect intercenter reproducibility was possible for most of the participating lab- oratories. There is now a rigorous quality assurance and accreditation system in place. Interestingly, when a laboratory introduced an unspecified variation in the protocol, a problem with interlaboratory comparison occurred. It was not deemed appropriate to adopt this approach ab initio with the HAR-MONY laboratories. Instead, we wanted to learn from each other's expertise and experience. The final protocol is thus "owned" by the group and seen to be "fit for the purpose." It has been adopted by all of the laboratories for interlaboratory comparisons and by several for all their routine work. It will be interesting to see if, as experience and further quality assurance work progress, all laboratories are willing to use the protocol for their routine work and build new databases for their own countries. A similar Canadian PFGE comparison and standardization study was published (19) just as the work of HARMONY was completed. Their results look very promising, although they are working further to improve their intercenter reproducibility, using, at this juncture, five quality assurance strains. It will be important for the IUMS to continue progression of the HARMONY initiative globally, discuss the various published and other initiatives, and build on the whole group's experiences and opinions.
We are also examining other typing methods, such as use of methicillin resistance genes (mecRIA and SCCmec), multilocus sequence typing, binary typing, and ribotyping, to establish which of these will be recommended and when, to confirm the relationships between known PFGE patterns, and to confirm the relationships of new strains to those already in the collection. There is still a need to address the international nomenclature of strains and the relative roles and utility of the various typing systems in this process. It is the intention of the IUMS subcommittee to work on this. The results of epidemiological typing data on all MRSA isolates from bloodstream infections (in collaboration with the European Antimicrobial Resistance Surveillance System) and other clinical and carriage isolates could give further information on the spread of EMRSA clones throughout Europe.
In conclusion, the HARMONY typing group has established a European collection and database of EMRSA strains and developed a harmonized protocol for PFGE that has been widely adopted for international comparisons, thus providing important information on spread of epidemic clones of MRSA.
